Several species of cyanobacteria respond to a sudden reduction in the incident light intensity by accumulating guanosine 5'-diphosphate 3'-diphosphate (ppGpp) (1, 6, 8, 9) . This response is part of a step-down phenomenon which resembles a nutritional step-down process in heterotrophic bacteria. The accumulation of ppGpp during nutritional step down has been attributed to reduced rates of degradation by a 3'-phosphohydrolase which cleaves ppGpp to GDP and inorganic pyrophosphate. The mechanism which regulates the degradative activity of the enzyme is unknown but appears to be energy dependent (3) . Both ATP concentration (12) and the proton potential gradient (13) have been suggested as governing enzyme activity. This communication examines the accumulation of ppGpp in three species of cyanobacteria treated with inhibitors of photophosphorylation.
MATERIALS AND METHODS Three species of cyanobacteria, Anabaena cylindrica (PCC7122), Nostoc sp. (PCC6411), and Aphanocapsa sp. strain 6308 (PCC6308), were used. These species were grown at 2,400 lx as previously reported (2) , and generation times of approximately 28, 14, and 10 h, respectively, were routinely encountered. Each culture was examined microscopically for purity and by streaking samples on nutrient agar and 1% Allen and Arnon agar with incubation at 18 and 34°C.
Labeling, nucleotide extraction in 30%o formic acid, and polyethyleneimine cellulose thin-layer chromatography have been previously described (2) . Incident light step-down procedures consisted of transferring the growing culture from an incident light regime of 5,000 lx to dark conditions.
Each experiment consisted of a control culture and an experimental culture derived from the same stock culture. A lack of significant fluctuation in the control culture was required for the experiment to be considered successful. In the figures, only the data from experimental cultures are shown.
To allow simple expression, nucleotide concentrations are shown in relative terms. In the figures, ppGpp and ADP concentrations were set to 1, and ATP and GTP concentrations were set to 10 in ratio to the concentration of the nucleotide determined just before administering the treatment. The pretreatment concentration is given so that the nucleotide concentrations may be calculated.
RESULTS
Cultures of Nostoc sp. and Aphanocapsa sp. strain 6308, grown with nitrate as the only combined nitrogen source, accumulated ppGpp when transferred to dark conditions (Fig. 1) . The kinetics of accumulation were similar to those observed in cultures of cyanobacteria deprived of nitrate (2) . In Nostoc sp., high concentrations of ppGpp were not maintained; after reaching a peak they rapidly dispersed. A smaller, but steadily increasing, concentration occurred in Aphanocapsa sp. strain 6308. Purine triphosphate concentrations were not reduced in either species. In agreement with Adams et al. (1) the procedure did not promote ppGpp accumulation in Anabaena cylindrica cultures. 3-(3,4-Dichlorophenyl)-1,1-dimethylurea (9) was equally ineffective.
DNP (2,4-dinitrophenol) and CCCP (carbonyl cyanide m-chlorophenyl hydrazone) have been used as inhibitors of ADP phosphorylation (13) . They rapidly deplete ATP concentration and the 5 ,LM DNP (Fig. 2) . Accumulation of ppGpp in the two members of the genus Anabaena was again similar to that found in cultures deprived of nitrate. Identical results were found in heterocystous nitrogen-fixing cultures growing without a source of combined nitrogen ( Fig.  2A) . ATP and GTP were reduced to steady-state concentrations between 60 and 80o of that found in the growing cell before treatment. The accumulation of ppGpp did not appear to depend upon ATP concentration, and in some cases, accumulation preceded substantial depletion of the purine triphosphate pools (Fig. 2A) .
In contrast, the addition of DNP to cultures grown with ammonium or glutamine as the only source of combined nitrogen produced no detectable accumulation of ppGpp in any of the three species. The decline of the purine triphosphate concentration was noticeably more rapid and complete than that which occurred in cultures grown on nitrate (Fig. 3) .
CCCP ( The accumulation of ppGpp in A. cylindrica is inhibited by the translational inhibitors chloramphenicol and oxytetracycline as it is in Escherichia coli (Fig. 4) . These inhibitors may be used to assess the rate of degradation of ppGpp (5). Fig. 2 ) but failed to promote any detectable accumulation in cultures grown on ammonium or glutamine (Fig. 3) . Thus, cyanobacterial accumulation of ppGpp would appear to be primarily dependent upon the nitrogen source rather than inhibition of energy metabolism. One simple explanation is that the conversion of nitrate to ammonium is inhibited, thereby effectively starving the culture of combined nitrogen. The similar kinetics of accumulation of ppGpp in DNP-or CCCP-treated cultures and cultures deprived of combined nitrogen supports this explanation. However, ppGpp accumulation in DNP-treated cultures can precede any significant depletion of the purine triphosphate pools and, thus, reduction of the proton potential gradient ( Fig. 2A, B, and D) . Neither of these effects therefore appears likely to be factors which activate ppGpp accumulation. A sudden reduction of the incident light intensity does not deplete the purine triphosphate pools in several species of cyanobacteria; yet the procedure promotes ppGpp accumulation. Again, ppGpp accumulation does not appear to depend primarily upon energy deprivation. In this respect at least it differs from the accumulation of ppGpp during nutritional step down in bacteria.
The rate of ppGpp degradation in DNP-treated cultures is one-to threefold less than that found in cultures deprived of nitrate. This is comparable to the ATP activation of ppGpp 3'-phosphohydrolase (12) . Although a one-to threefold decrease in degradation rate is small compared with that found in bacteria (5) , it may be significant since cyanobacterial accumulation of ppGpp is also slow (0.08 ,umol of ppGpp at E75o-1 per min-1). Thus, a reduction of this magnitude could aid ppGpp accumulation even though it does not initiate it.
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